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1. TITLE OF THE INVENTION 

Semiconductor Device and its Fabrication Method 

2. ABSTRACT 
[Problem to be Solved] 

Capacitors in which a high-dielectric material or a 
ferroelectric material is used as a capacitor insulator 
suffer from the problem of capacitor degradation due to 
electrical, mechanical, or chemical stress; 

[Solution] 

For the formation of a contact hole 10 on the 
capacitor and the peripheral circuit, a protective layer 
8e, composed of a high-dielectric material or a 
ferroelectric material, is formed on a cell plate 
electrode 8c so that the following expression holds: film 
thickness of protective layer 8e ~ (total thickness of a 
part of upper-capacitor interlayer insulator 9, framing 
oxide film 8d, and -lower-capacitor interlayer insulator 
6) /etching selection ratio. 

[Effect of the Invention] 

This invention can minimize plasma damage to the cell 
plate electrode and prevent the loss of the barrier metal. 

3. WHAT IS CLAIMED 

1 . In a semiconductor device comprising a capacitor 
and a peripheral circuit that have a lower- 
capacitor interlayer insulator, a capacitor 
insulator composed of a high-dielectric material or 
a ferroelectric material, and an upper-capacitor 
electrode in an insulator composed of a silicon 
oxide film; and contact holes that extend from the 
upper edge of said insulator to said capacitor and 
peripheral circuit, such that the length of the 
contact hole extending to said capacitor is shorter 
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than the contact holes extending to said peripheral 
circuits ; 

a semiconductor device wherein a protective layer, 
composed of a high-dielectric material or a 
ferroelectric material, is provided at the 
interface between said upper-capacitor electrode 
and the upper-capacitor interlayer insulator, which 
is said insulator that exists in the upper part of 
said capacitor. 

2. A method of fabrication of the semiconductor device 
of Claim 1, comprising the steps of: 
forming a protective layer on the upper-capacitor 
electrode; forming an upper-capacitor interlayer 
insulator on said protective layer; etching the 
insulator that extends from said upper-capacitor 
interlayer insulator to form contact holes to the 
peripheral circuits simultaneously with the etching 
of said upper-capacitor interlayer insulator so 
that a part of said protective layer is left intact 
in order to form contact holes extending to the 
capacitor; and forming metal wires into said 
contact holes. 

3.. A method of fabrication of the semiconductor device 
of Claim 1, comprising the steps of: 
forming a protective layer on the upper-capacitor 
electrode; forming an upper-capacitor interlayer 
insulator on said protective layer; etching the 
insulator that extends from said upper-capacitor - 
interlayer insulator to form contact holes to the 
peripheral circuits simultaneously with the etching 
of said upper-capacitor interlayer insulator so 
that a part of said protective layer is left intact 
in order to form contact holes extending to the 
capacitor; removing, by wet-etching, said 
protective layer in the contact hole extending to 
said capacitor; and forming metal wires into said 
contact holes. 
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4. In a semiconductor device comprising a capacitor 
and a peripheral circuit that have an electrode 
underneath the capacitor, a capacitor insulator 
composed of a high-dielectric material or a 
ferroelectric material, and an upper-capacitor 
electrode in an insulator 'composed of a silicon 
oxide film; and contact holes that extend from the 
upper edge of said insulator to said capacitor and 
peripheral circuit, such that the length of the 
contact hole extending to said capacitor is shorter 
than the contact holes extending to said peripheral 
circuits, 

a semiconductor device wherein said upper-capacitor 
electrode comprises a stacked structure -of metals 
and non-metals. 

5. In a semiconductor device comprising a capacitor 
and a peripheral circuit that have a lower- 
capacitor electrode, a capacitor insulator composed 
of a high-dielectric material or a ferroelectric 
material, and an upper-capacitor electrode in an 
insulator composed of a silicon oxide film; and 
contact holes that extend from the upper edge of 
said insulator to said capacitor and peripheral 
circuit, such that the length of the contact hole 
extending to said capacitor is shorter than the 
contact holes extending to said peripheral circuits, 
a semiconductor device wherein said upper-capacitor 
electrode comprises either a stacked structure of 
metals and the oxides of transition metal elements 
or a stacked structure of metals and either high- 
dielectric materials or ferroelectric materials. 

4. DETAILED DESCRIPTION OF THE INVENTION 
[0001] 

[Application Field of the Invention] 
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This invention is directed at semiconductor devices; 
in particular, it is directed at VLSI devices that contain 
capacitor insulators and transistor gate insulators that 
are composed of high-dielectric or ferroelectric materials. 

[0002] 
[Prior Art] 

Capacitor insulators and transistor gate insulators 
that are used in current VLSI devices represent the 
ultimate in the amount of capacitor charge and applied 
electric field that can be employed. For this reason, the 
capacitor insulators and gate insulators are extremely 
sensitive to electrical, mechanical, and chemical stress. 
Consequently, they must be able to meet stringent 
performance requirements. 
[0003] 

Fig. 8 is a schematic cross-sectional diagram that 
illustrates a conventional semiconductor device. In the 
figure, Reference Number 1 denotes a silicon substrate; 2, 
a field oxide film; 3, a dopant diffusion layer; 4, a word 
line; 5, a bit line; 6, a lower-capacitor interlayer 
insulator; 7, a conducting plug; 8a, a lower-capacitor 
electrode; 8b, a capacitor insulator; 8c, an upper- 
capacitor electrode; 8d, a framed oxide film; 9, an upper- 
capacitor interlayer insulator; 10, a contact hole; and 11, 
a wire layer. 
[0004] 

As shown in Fig. 8, to facilitate the lithography and 
processing of the wire layer 11 for the formation of the 
wire layer 11, it is common practice to planarize the 
upper-capacitor interlayer insulator, which can create 
substantial differences in film thickness between the 
upper-capacitor interlayer insulator 9 on one hand and the 
interlayer insulators 6, 8d, and 9 on the dopant diffusion 
layer 3, which is a peripheral circuit, on the other hand. 

[0005] 

[Problems to be Solved by the Invention] 
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The conventional semiconductor device is constructed 
as described above. As illustrated in Fig. 8, when 
contact holes 10 are created by plasma-etching in order to 
form a wire layer 11, the opening on the upper-capacitor 
electrode 8c tends to be over-etched, which results in the 
condition where the current from the plasma continues to 
flow into the capacitor, which causes the capacitor 
electrode 8c to be damaged by the plasma. This 
significantly increases the leak current from the 
capacitor, and creates the problem of degradation of 
capacitor performance characteristics. 
[0006] 

Further, as a general rule, the wire layer 11 is 
composed of aluminum, and a stacked film of TiN/Ti is used 
as a barrier metal. When a high-dielectric material or a 
ferroelectric material is used for the capacitor insulator 
8b, either a metal film or a metal silicide or a metal 
nitride is used for the upper-capacitor electrode 8c. In 
the cases where the upper-capacitor electrode 8c is a 
metal film, it will be mostly composed of elements of the 
platinum family. These elements readily react with Ti to 
form an alloy. The resulting mechanical stress or the 
reduction of the high-dielectric material or the 
ferroelectric material by the Ti that has diffused into 
the upper-capacitor electrode 8c can cause degradation of 
the capacitor performance characteristics, which is a 
problem. A strategy, employed to prevent this problem 
involves the formation of a barrier metal, such as TiN, on 
the platinum family element layer on the upper-capacitor 
electrode 8c. However, the over-etching conducted during 
the creation of contact holes 10 can cause the barrier 
metal to disappear from the upper-capacitor electrode 8c, 
which is a problem. 
[0007] 

As noted previously, either a metal film or a metal 
silicide or a metal nitride is used for the upper- 
capacitor electrode 8c. However, metal films are highly 
malleable and ductile, and thus easily transmit any stress 
that has occurred in the upper structure directly to the 
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capacitor insulator 8c. Also, silicides and nitrides 
have the problem of a large amount of stress in the film 
itself. In addition, stress is generated during the 
planarization of the upper-capacitor interlayer insulator 
9. 

[0008] 

Fig. 9 illustrates the type of mechanical stress that 
is exerted on the capacitor insulator. In the figure, 
Reference Number 12 denotes the stress created by the 
plastic deformation of the upper-capacitor electrode 8c, 
and 13 denotes the stress that is generated in the upper- 
capacitor interlayer insulator 9. The mechanical stress 
12 and 13 indicated in the figure generates strain in the 
capacitor insulator 8b, which increases the capacitor leak 
current and degrades the capacitor performance 
characteristics. 
[0009] 

. Most of the ferroelectric materials, such as 
strontium-barium titanate materials ( "BST" ) bismuth 
materials ( "SBT" ) , and lead zirconate titanate materials 
("PZT"), as well as high-dielectric materials, such as 
tantalum pentoxide, are transition metal oxides. Because 
they can assume a high oxidation number, when exposed to 
an oxidizing/reducing atmosphere, transition metals 
readily undergo oxidation/reduction. As a general rule, 
when a high-dielectric material or a ferroelectric 
material is used as a capacitor insulator, in many cases 
the highest possible oxidation number is assumed. In the 
conditions where the oxidation number is low (i.e., a 
reduced condition with an oxygen deficiency) , in many 
cases the resulting insulation capacity will be low. 
[0010] 

Fig. 10 indicates the type of chemical stress exerted 
on the capacitor insulator 8b. As shown in the figure, in 
the case of a silicon process, the upper-capacitor 
interlayer insulator 9 is generally composed of a plasma 
oxide film or a plasma nitride film. These films, which 
have many Si-Hi bonds in the film, readily release 
hydrogen when subjected to heat treatment. The diffusion 
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of the hydrogen into the capacitor insulator 8b causes a 
hydrogen-induced reduction reaction in the capacitor 
insulator 8b. This decreases the insulation capacity of 
the capacitor insulator 8b, and thus degrades the 
performance characteristics of the capacitor. 
[0011] 

For example, in Fig. 10, if the capacitor insulator 
8b is BST, the process such as n • BaSrTi0 3 + 2U n • 
BaSrTiO (3 -i/n) + H 2 $> can create an oxygen deficiency, which 
renders the insulator into a conducting compound. This 
type of reduction reaction can also occur in the hydrogen 
annealing process, which is employed to improve transistor 
performance characteristics. 
[0012] 

The present invention has been developed to eliminate 
the types of problems noted above. Thus, the purpose of 
the present invention is to provide a semiconductor device 
containing high-performance, stable capacitors that have 
capacitor insulators composed of either high-dielectric 
materials or ferroelectric materials. 

[0013] 

[Means for Solving the Problem] 

The semiconductor device of Claim 1 of the present 
invention comprises the following: a protective layer, 
composed of a high-dielectric material or a ferroelectric 
material, is provided at the interface between the upper- 
capacitor electrode and the upper-capacitor interlayer 
insulator, which is an insulator that exists in the upper 
part of the capacitor. 
[0014] 

The method of fabrication of the semiconductor device 
of Claim 2 comprises the steps of: forming a protective 
layer on the electrode above the capacitor; forming an 
upper-capacitor interlayer insulator on said protective 
layer; etching the insulator that extends from said upper- 
capacitor interlayer insulator to form contact holes for 
the peripheral circuits simultaneously with the etching of 
said upper-capacitor interlayer insulator so that a part 
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of said protective layer is left intact in order to form 
contact holes extending to the capacitor; and forming 
metal wires into said contact holes. 
[0015] 

The method of fabrication of the semiconductor device 
of Claim 3 comprises the steps of: forming a protective 
layer on the electrode above the capacitor; forming an 
upper-capacitor interlayer insulator on said protective 
layer; etching the insulator that extends from said upper- 
capacitor interlayer insulator to form contact holes to 
the peripheral circuits simultaneously with the etching of 
said upper-capacitor interlayer insulator so that a part 
of said protective layer is left intact in order to form 
contact holes extending to the capacitor; removing, by 
wet-etching, said protective layer in the contact hole 
extending to said capacitor; and forming metal wires in 
said contact holes. 
[0016] 

In the semiconductor device of Claim 4 of the present 
invention, the upper-capacitor electrode consists of a 
stacked structure composed of metals and non-metals. 
[-0017] 

In the semiconductor device of Claim 5 of the present 
invention, the upper-capacitor electrode consists of 
either a stacked structure of metals and the oxides of 
transition metal elements or a stacked structure of metals 
and either high-dielectric materials or ferroelectric 
materials. 

[0018] 

[Embodiments ] 

Embodiment Mode 1. Fig. 1 is a schematic cross- 
sectional diagram illustrating the semiconductor device of 
the present invention. In the figure, Reference Number 1 
denotes a silicon substrate; 2, a field oxide film of 
thickness 200 - 600 nm formed by thermal oxidation; 3, a 
dopant diffusion layer; 4, a word line 50 - 300 nm thick, 
0.1 - 0.6 y.m wide, consisting of phosphorus-doped silicon; 
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5, a bit line 50 - 300 nm thick, 0.1 - 0.6 pm wide, 
consisting of phosphorus-doped silicon; and 6, a lower- 
capacitor interlayer insulator, 200 - 1000 nm thick,, 
containing phosphorus as a dopant and consisting of a 
silicon oxide film. 
[0019] 

Similarly, Reference Number 7 denotes a conducting 
plug consisting of phosphorus-doped polysilicon; 8, a 
storage node electrode, which is a lower-capacitor 
electrode composed of a titanium silicate nitride lower 
layer 20 - 100 nm thick and a platinum upper layer 30 - 
100 nm thick; 8b, a capacitor insulator consisting of BST 
20 - 60 nm thick; 8c, a cell plate electrode, which is an 
upper-capacitor electrode consisting of a stacked film of 
TiN, 10 - 50 nm thick, and platinum, 30 - 100 nm thick; 8d, 
a field oxide film; 8e, a protective layer consisting of 
BST, 10 - 30 nm thick; 9, an upper-capacitor interlayer 
insulator consisting of a silicon oxide film 300 - 1000 nm 
and containing boron and phosphorus dopants; 10, a contact 
hole; and 11, a wire layer consisting of aluminum, 300 - 
1000 nm thick. It should be noted that the framed oxide 
film 8d may be omitted in some cases. 
[0020] 

Following is a description of the semiconductor 
device fabrication method of Fig. 1 with references to. Fig. 
2 (a) - (e) in the indicated order. First, as shown in 
Fig. 2 (a) , components up to the bit line 5 are formed by 
ordinary DRAM processes, after which the normal pressure 
CDV method using gases such as SiH 4 , PH 3 , B 2 H 6 , and 0 2 is 
employed to form a doped silicon oxide film, 500 nm thick, 
that acts as a lower-capacitor interlayer insulator 6. 
Then, contact holes 7a for conducting plugs 7 are created 
at designated positions on the lower-capacitor interlayer 
insulator 6 by means of photolithography. 
[0021] 

The next step involves the formation of a phosphorus- 
doped polysilicon film, 500 nm thick, by the reduced 
pressure CVD method using SiH 4 and PH 3 . Conducting plugs 7 
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are formed by back-etching the entire surface so that the 
phosphorus-doped polysilicon is left intact only around 
the contact holes 7a. This is illustrated in Fig. 2 (b) . 
[0022] 

As shown in Fig. 2 (c) , the next step involves the 
formation of a stacked film of titanium 8al and titanium 
silicon nitride 8a2 as a barrier metal, using the 
sputtering method. After a platinum film 8a3, 50 nm thick, 
is formed on the stacked film, the stacked film is 
processed into a prescribed storage node pattern by means 
of photolithography, which forms the storage node 
electrode 8a. Subsequently, an oxide film is deposited on 
the entire surface, and the surface is back-etched to form 
a framed oxide film 8d on the sides of the storage node 
electrode 8a. 
[0023] 

In the next step, as shown in Fig. 2 (d) , Ba(DPM) 2 , 
Sr(DPM) 2 , and Ti(DPM) 2 are used as source gases to form a 
capacitor insulator 8b, 20 - 50 nm thick, consisting of 
BST, by the MOCVD method. After that, a stacked film of 
TiN/platinum, 150 nm thick, is formed as a cell plate 
electrode 8c, and then a protective layer 8e, consisting 
of BST, is formed to a thickness of 150 nm, after which 
the capacitor insulator 8b, the cell plate electrode 8c, 
and the protective layer 8e are processed into prescribed 
patterns by means of photolithography. 
[0024] 

The next step involves the formation of an upper- 
capacitor interlayer insulator 9 consisting of a doped 
silicon oxide film, 500 nm thick, on the entire surface by 
the normal pressure CVD method using such gases as SiH 4 , 
PH 3 , B 2 H 6/ and 0 2 . After that, contact holes 10 are created 
on the peripheral circuits and the capacitors by means of 
photolithography. 
[0025] 

In this process, the formation of contact holes 10 is 
performed by etching, by means of the reactive RIE method 
and using CF 4 and 0 2 as etching gases. In this etching 
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process, given that the selection ratio of the silicon 
oxide film to the BST film is approximately 10 - 20, the 
length of time required to etch the lower-capacitor 
interlayer insulator 6 on the peripheral circuit by 500 nm 
will be equal to the length of time required to etch the 
protective layer 8e on the cell plate electrode 8c by 25 
nm. 

[0026] 

Fig. 3 (a) - (c) are process sectional diagrams that 
illustrate the etching process for the formation of 
contact holes. As shown in Fig. 3, by creating contact 
holes so that the following expression holds, any 
unnecessary over-etching can be avoided in the process of 
forming contact holes 10 on the capacitor and creating 
contact holes simultaneously on the peripheral circuits 
and the capacitors: film thickness of protective layer 8e 
= (total thickness of a part of upper-capacitor interlayer 
insulator 9, framing oxide film 8d, and lower-capacitor 
interlayer insulator 6) /etching selection ratio. 
[0027] 

Subsequently, ordinary LSI processes are employed to 
form an aluminum-based wire layer 11 to provide metal 
wiring . 
[0028] 

In this manner, by forming the protective layer 8e on 
the cell plate electrode 8c. by controlling the thickness 
of BST that has a lower etching rate than the silicon 
oxide film, the opening of contact holes 10 on the 
capacitor and the peripheral circuit can be completed 
virtually simultaneously, which minimizes plasma-induced 
damage to the cell plate electrode 8c when the contact 
holes 10 are opened. In addition, this technique can also 
prevent the disappearance of the barrier metal from the 
cell plate electrode 8c. 
[0029] 

In this process, the protective layer 8e is by no 
means limited to BST. Almost any material can be used, 
such as PZT, SBT, and tantalum pentoxide, that has an 
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etching rate lower than the silicon oxide film used for 
the lower-capacitor interlayer insulator 9, as well as an 
insulation capacity. 
[0030] 

Embodiment Mode 2. . Embodiment Mode 1 as described 
above required the complete removal of BST from the 
contact holes during the opening of the upper-capacitor 
interlayer insulator in order to provide contact with the 
cell plate electrode, which required an over-etching of 
10-% - 20% in order to prevent contact defects. 
[0031] 

However, as shown in Fig. 4 (a) - (c), to minimize 
plasma damage to the cell plate electrode 8c, the etching 
performed for the opening of contact holes can be 
performed by either just etching or under-etching; any 
residual film can be reduced using the metal in the wire 
layer 11. 
[0032] 

First, as shown in Fig. 4 (a), BST as a protective 
layer 8e is- formed to a thickness of 10 nm by the 
sputtering method, and then patterning is performed in a 
manner similar to Fig. 2 (d) . As shown in Fig. 4 (b) and 
similar to Fig. 2 (e) , an upper-capacitor interlayer 
insulator 9 is formed, and then contact holes 10 are 
opened at prescribed positions. In this process, BST is 
not affected by the etching using CH 4 /0 2 based gases. 
Therefore, the contact holes 10 on the capacitor are not 
completely opened, and thin residues of BST will remain at 
the bottoms of the contact holes. 
[0033] 

The next step involves the formation of a wire layer 
11 using normal LSI processes. In this process, a stacked 
film of titanium nitride/titanium as an aluminum barrier 
metal for the wire layer 11 is formed, and ramp-ahnealing 
is conducted to render the stacked film into silicides and 
to reduce its contact resistance. In this process, the 
BST in the contact holes 10 is reduced by the titanium and 
turns into oxygen-deficient BST 14. Because the oxygen- 



- 13 - 



deficient BST acts as an N-type semiconductor and exhibits 
conductivity, favorable contact holes 10 can be created 
without exposing the cell plate electrode 8c to plasma. 
Similar effects can also be obtained by using tantalum 
pentoxide, PZT, or SBT. 
[0034] 

Embodiment Mode 3. While Embodiment Mode 2 above 
describes the case where the residual protective layer 8e 
is converted into a conductive substance without being 
removed, alternatively the residual protective layer 8c 
can be removed by wet-etching. 
[0035] 

As shown in Fig. 5 (a) and similar to Fig. 2 (e) , 
contact holes 10 are opened. However, to minimize plasma 
damage, the contact holes 10 on the capacitor are not 
completely opened, and a part of the protective layer 8e 
is left intact. Then, as shown in Fig. 5 (b) , wet-etching 
using nitric acid is conducted to remove any residual 
protective layer 8e. 
[0036] 

This process achieves the same effect as Embodiment 
Mode 2. However, in Embodiment Mode 2, the solid-phase 
reaction between the barrier metal in the wire layer 11 
and the "protective layer 8e occurs in a manner limited to 
the immediate area in the vicinity of the interface. If 
the remaining protective layer 8e is thick, the entire 
layer cannot be reduced, thus producing contact defects. 
However, removal by wet-etching can adequately remove the 
residual protective layer 8e, regardless of its thickness, 
and this permits a large margin for the amount of residual 
protective layer 8e. 
[0037] 

Further, given that wet-etching is an isotropic 
process, conceivably the protective layer 8e may be side- 
etched, resulting in the formation of notches. However, 
the small amount of residual protective layer can easily 
be reduced by the barrier metal present in the wire layer 
11, thus avoiding any problems. Although the above 
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description involves the use of BST, the process is by no 
means limited to this material; materials such as tantalum 
pentoxide, PZT, and SBT can also be used* 
[0038] 

Embodiment Mode 4. While Embodiment Modes 1- 3 as 
described above involve methods of preventing plasma 
damage to the cell plate electrode 8c, this embodiment 
mode will describe methods for the prevention of 
mechanical stress from the upper capacitor structure when 
either a high-dielectric material or a ferroelectric 
material is used for a capacitor insulator. 
[0039] 

First, as shown in Fig. 6 (a), components up to the 
storage node electrode 8a are created using procedures 
similar to those described in Fig. 2 (a) -(c). 
Subsequently, a capacitor insulator 8b is formed as in the 
case of Embodiment Mode 1. As cell plate electrodes, a 
platinum film 8c, a titanium silicon nitride film 8f, and 
a polysilicon film 8g are formed to thickness values of 
50, 50, and 200 nm on the capacitor insulator 8b, using 
the sputtering method. After that, patterning is 
performed. In this process, the titanium silicon nitride 
film 8f acts as a barrier metal between the polysilicon 
film 8g and the platinum film 8c. 
[0040] 

In the next step, as illustrated in Fig. 6 (b) , 
normal LSI processes are employed to form the wire layer 
11. The polysilicon film 8g has a low internal stress and 
exhibits little malleability or ductility. Therefore, any 
stress 12 and 13 that is generated during the formation of 
the upper-capacitor interlayer insulator 9 and the wire 
layer 11 can be absorbed by the polysilicon film 8g. This 
hinders any transmission of stress to the capacitors, and 
thus prevents an increase in capacitor leakage due to 
mechanical stress. 
[0041] 

Although in this embodiment mode mechanical stress is 
alleviated by means of the polysilicon film 8g, metal 
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silicides can also be used for the same purpose. Almost 
any film, such as titanium silicon nitride, that has a low 
internal stress and little malleability or ductility can 
be used. 
[0042] 

Embodiment Mode 5.. Following is a description of 
methods for the prevention of chemical stress from the 
upper capacitor structure when a high-dielectric material 
or a ferroelectric material is used for a capacitor 
insulator, with references to Fig. 7 (a) - (c) . 
[0043] 

First, as shown in Fig. 7 (a), components up to the 
storage node electrode 8a are created using procedures 
similar to those described in Fig. 2 (a) - (c) . 
Subsequently, a capacitor insulator 8b is formed as in the 
case of Embodiment Mode 1. After that, as cell plate 
electrodes, a platinum film 8c and a tantalum layer 8h fire 
formed to a thickness of 50 nm on the capacitor insulator 
8b, using the sputtering method. 
[0044] 

In the next step, the tantalum layer is oxidized by 
annealing it under an oxygen atmosphere, as shown in Fig. 
7 (b) , creating a Ta 2 0 5 layer 8i. Any of the known means, 
such as the oxygen plasma method or the oxygen ion 
implantation method, in addition to the method described 
above, can be employed as an oxidation method for the 
tantalum layer 8h. 
[0045] 

Given the formation of the Ta 2 0 5 layer 8i , which is 
an oxide of a transition metal element, on the platinum 
film 8c as a cell plate electrode, the reaction Ta 2 0 5 + H 2 
— 2Ta0 2 + H 2 <f> traps the hydrogen generated during the 
formation of the upper capacitor structure and the 
annealing under a hydrogen atmosphere in the Ta 2 0 5 layer 8i, 
which prevents the propagation of the hydrogen into the 
capacitor insulator 8b. This protects the capacitor 
insulator 8b from insulation degradation due to reduction. 
[0046] 
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As shown in Fig. 7 (c) , the direct formation of a 
tantalum layer 8h on the platinum 8c causes the alloying 
of platinum and tantalum at an approximate temperature of 
600 deg. C, which poses the problem of heat tolerance. To 
prevent this problem, a barrier metal 8f, such as titanium 
silicon nitride, can be provided between the platinum 8c 
and the tantalum layer 8h, which yields a thermal 
tolerance of 750 deg. C. 
[0047] 

Although Ta 2 0 5 is used in this embodiment mode, oxides 
of Ti, Pt, W, Ru, and Pd are also acceptable. Similar 
effects can also be obtained by using a high-dielectric 
material or a ferroelectric material, such as BST, PZT, or 
SBT. 

[0048] 

[Advantages of the Invention] 

As described above, in this invention a protective 
layer composed of either a high-dielectric material or a 
ferroelectric material is provided at the interface 
between the upper capacitor insulator and the upper- 
capacitor interlayer insulator, which is an insulator that 
exists above the capacitor. This permits the processes of 
contact hole opening on the capacitor and on the 
peripheral circuit to be completed virtually 
simultaneously, which minimizes plasma damage to the 
upper-capacitor electrode during the opening of contact 
holes, and can prevent any disappearance of the barrier 
metal from the upper-capacitor electrode. 
[0049] 

This invention provides the steps of forming a 
protective layer on the upper-capacitor electrode, forming 
an upper-capacitor interlayer insulator on the protective 
layer, forming contact holes extending to the peripheral 
circuits by etching the insulator that extends from the 
upper-capacitor interlayer insulator simultaneously with 
the formation of contact holes for the capacitor by the 
etching of the upper-capacitor interlayer insulator in 
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such a manner that some of the protective layer is left 
intact, and metal wires are formed into the contact hole. 
This causes any protective layer remaining in the contact 
holes to be reduced by the meal wires, turning it into an 
oxygen-deficient condition and causing it to exhibit 
conductivity. In this manner, any exposure of the upper- 
capacitor electrode to plasma can be avoided and the 
disappearance of the barrier metal from the upper- 
capacitor electrode can be prevented, which results in the 
formation of favorable contact holes. 
[0050] 

In addition, this invention provides the steps of 
forming a protective layer on the. upper-capacitor 
electrode, forming an upper-capacitor interlayer insulator 
on the protective layer, forming contact holes extending 
to the peripheral circuits by etching the insulator that 
extends from the upper-capacitor interlayer insulator 
simultaneously with the formation of contact holes for the 
capacitor by the etching of the upper-capacitor interlayer 
insulator in such a manner that some of the protective 
layer is left intact, and metal wires are formed into the 
contact hole. In this manner, any exposure of the upper- 
capacitor electrode to plasma can be avoided and the 
disappearance of the barrier metal from the upper- 
capacitor electrode can be prevented, which results in the 
formation of favorable contact holes. Further, any thick 
residue of the protective layer can be removed adequately, 
thus permitting a large margin for the amount of residual 
protective layer. 
[0051] 

The fact that the upper-capacitor electrode consists 
of a stacked structure of metals and non-metals, any 
stress that is generated during the formation of the 
upper-capacitor interlayer insulator and the wire layer 
can be absorbed by the non-metallic material, thus 
preventing the propagation of stress to the capacitors. 
In this manner, an increase in capacitor leakage due to 
mechanical stress can be avoided. 
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[0052] 

In addition, because the upper-capacitor electrode is 
made up of either a stacked structure of metals and the 
oxides of transition metals or a stacked structure of 
metals and a high-dielectric material or a ferroelectric 
material, any hydrogen generated during the formation of 
the upper-capacitor electrode or during annealing under a 
hydrogen atmosphere can be captured by the metals or the 
oxides of transition metals, or into the high-dielectric 
material or the ferroelectric material. This prevents any 
propagation of hydrogen into the capacitor insulator, thus 
protecting the capacitor insulator from insulation 
degradation due to reduction. 

5. BRIEF DESCRIPTION OF THE DRAWINGS 

[Fig. 1] A schematic cross-sectional diagram illustrating 
the semiconductor device of Embodiment Mode 1 of the 
invention. 

[Fig. 2] A process diagram illustrating the fabrication 
method of Fig. 1 . 

[Fig. 3] A diagram illustrating the etching process for 
the formation of contact holes in Embodiment Mode 1. 

[Fig. 4] A process diagram illustrating the fabrication 
method of Embodiment Mode 2 of the invention. 

[Fig. 5] A process diagram illustrating the fabrication 
method of Embodiment Mode 3 of the invention. 

[Fig. 6] A process diagram illustrating the fabrication 
method of Embodiment Mode 4 of the invention. 

[Fig. 7] A process diagram illustrating the fabrication 
method of Embodiment Mode 5 of the invention. 

[Fig. 8] A schematic cross-sectional diagram illustrating 
a conventional semiconductor device. 

[Fig. 9] A cross-sectional diagram illustrating the 
issues present in conventional semiconductor devices. 
[Fig. 10] A cross-sectional diagram illustrating the 
issues present in conventional semiconductor devices. 
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[Reference Numbers] 

6. Lower-capacitor interlayer insulator. 

8b. Capacitor insulator. 

8c. Cell plate electrode. 

8d. Framed oxide film. 

8e. Protective layer. 

8g. Polysilicon film. 

8i. Ta 2 0 5 layer. 

9. Upper-capacitor interlayer insulator. 

10. Contact hole. 

11. Wire layer. 
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6. Lower-capacitor interlayer insulator. 

8a. Storage node electrode 

8b. Capacitor insulator. 

8c. Cell plate electrode. 

8d. Framed oxide film. 

8e. Protective layer. 

9. Upper-capacitor interlayer insulator. 

10. Contact hole 

1 1 . Wire layer. 
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8g. Polysilicon film. 

8f. Titanium silicon nitride film 
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8h. Tantalum layer 
8i. Ta 2 0 5 layer 

Figure 7 
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